Objectives: Clear cell carcinoma (CCC) comprises a rare yet an aggressive subtype, accounting for less than 5% of all uterine carcinomas. Several clinicopathologic features have been predictive of poor prognosis; however, data remain controversial. The aim of this study was to evaluate the clinicopathologic features of a multi-institutional cohort of endometrial CCC in order to identify which, if any, have prognostic significance. Methods: Retrospective review of endometrial CCC diagnosed between 1995 and 2012 at 3 institutions was conducted to evaluate clinicopathologic parameters: age, race, tumor size, stage, myometrial invasion (MI), lymphovascular invasion, lymph node and adnexal involvement, adjuvant therapy, and outcomes. Data were analyzed using Fisher exact, Cox regression, and Kaplan-Meier analyses. Results: Patients' ages ranged from 36 to 90 years (median, 67 years). The median tumor size was 3.6 cm. Inner-half MI was present in 44%, lymphovascular invasion in 34%, adnexal involvement in 16%, and lymph node metastasis in 30% of cases. Fifty-eight percent of the patients presented with early-stage disease. The 5-year overall survival (OS) was 58%. Shorter disease-free interval (DFI) was significantly associated with older age at diagnosis (970 years), advanced-stage disease, adnexal involvement, and deep MI (P = 0.005, P = 0.001, P = 0.001, and P = 0.003, respectively). Patients who received adjuvant chemotherapy had a significantly worse DFI and 5-year OS (P = 0.001 and P = 0.001, respectively). A significantly shorter 5-year OS was noted with advanced stage (IIIYIV) and presence of adnexal involvement (P = 0.001 and P = 0.021, respectively). On Cox regression analysis, advanced-stage disease, older age, and adnexal involvement were significant independent predictors of worse DFI (P = 0.001, P = 0.005, and P = 0.019, respectively), whereas inner-half MI was a significant independent predictor of longer DFI (P = 0.004). Adjuvant radiotherapy alone was a significant independent predictor of better 5-year OS (P = 0.012). Conclusions: In our series of endometrial CCC, older age at diagnosis, advanced stage, deep MI, and adnexal involvement were independent poor prognostic factors. Adjuvant radiotherapy had a significant positive impact on 5-year OS.
The dualistic model established on morphologic basis more than 20 years ago divides EC into 2 broad subtypes, defined as type I and type II. Type I, which encompasses approximately 80% to 85% of the cases, is estrogen dependent and consists of endometrioid carcinoma and its histologic variants; type II endometrial cancer, on the other hand, is estrogen independent and includes serous carcinoma, clear cell carcinoma (CCC), and carcinosarcoma. 2Y4 A decade later, different molecular profiles have been described for each category with PTEN gene silencing, DNA mismatch repair genes defects, and KRAS and PIK3CA gene mutations being the major alterations in type I, whereas type II tumors harbor p53 gene mutations, p16 gene inactivation, Her-2/neu overexpression, and loss of heterozygosity on several chromosomes. 5Y8 Recently, 4 prognostically significant molecular subtypes of EC were recognized by The Cancer Genome Atlas group based on a combination of somatic nucleotide substitutions, microsatellite instability, and somatic copy number alterations, namely, ultramutated (POLE) group, microsatellite instability, copy-number low, and copy-number high. 9 Clear cell carcinoma comprises a rare yet an aggressive subtype, accounting for less than 5% of all uterine carcinomas. 10 Microscopically, CCC is characterized by clear, often eosinophilic, hobnail cells that exhibit different architectural patterns including solid, papillary, and tubulocystic. Similar histologic features are displayed when CCC develops in the ovary, cervix, and vagina. 11 In contrast to endometrioid and serous carcinomas, limited data are available regarding the potential precursor lesions for CCC of the endometrium. Recent studies identified a spectrum of atypical glandular changes (isolated glands or surface epithelium that displayed cytoplasmic clarity and/or eosinophilia with varying degrees of nuclear atypia) within the endometrium adjacent to CCC, suggesting that these lesions could represent the earliest morphologic features of this tumor. 12 Patients with CCC tend to be older, are more likely to present at higher-stage disease, and show a worse prognosis when compared with endometrioid carcinoma.
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A 5-year overall survival (OS) rate of 42.3% to 62.5% has been reported in advanced-stage (stages IIIYIV) disease, 16, 17 and hence more aggressive adjuvant treatment is recommended. 18 To date, limited information is reported in the literature regarding the prognostic parameters of CCC. Several clinicopathologic features including age older than 65 years, extrauterine disease, advanced stage, and presence of lymph node metastasis have been predictive of poor prognosis; however, data remain controversial. 19 The aim of this study was to evaluate the clinicopathologic features of a large multi-institutional cohort of endometrial CCC in order to identify which, if any, have prognostic significance. 20 Stages IYII were considered as early stage, whereas stages IIIYIV tumors were defined as advanced-stage disease. Representative hematoxylin-eosinYstained whole-tissue sections of a subset of cases were retrieved and reviewed by 2 gynecologic pathologists (R.A.F. and S.B.) to confirm the diagnosis as per the World Health Organization criteria. Mixed carcinomas defined as carcinomas with 1 or more other components comprising at least 10% of the tumor volume were excluded. Endometrioid carcinomas exhibiting clear cell features were also excluded. To confirm the presence of LVI, a subset of cases (n = 65) were stained with CD34 immunostain. Immunohistochemical staining was performed on samples fixed in 10% neutral-buffered formalin and embedded in paraffin. Slides were blocked for 30 minutes. Monoclonal mouse antiYhuman CD34 (clone: QBEnd 10; DAKO, Glostrup, Denmark) was used as the primary antibody (dilution 1:200). Slides were incubated at room temperature for 30 minutes. Detection of antibody binding was obtained using Optiview (Ventana) after a polymer-based amplification step (Ultraview; Ventana). Slides were then counterstained with hematoxylin and cover slipped. Only cases with membranous staining were considered to be positive.
MATERIALS AND METHODS
Long-term follow-up data were censored at the date of last contact. Disease-free interval was calculated from the date of diagnosis until date of recurrence, death, or last follow-up. Overall survival was calculated from the date of diagnosis until death or date of last follow-up. Statistical analyses were conducted using Fisher exact (2-tailed) W 2 , Student t test, and log-rank tests. Univariate Cox regression analysis was performed to evaluate the prognostic impact of various clinicopathologic factors on DFI and OS. Multivariate Cox regression analysis was performed according to the variables that showed significance on univariate analysis. The hazard ratios (HRs) were estimated with 95% confidence interval (CI). Kaplan-Meier graphs were used to illustrate both OS and DFI. Overall survival was analyzed at 5-year interval because the study was multiinstitutional with different treatment protocols, as well as the lack of long periods of follow-up for some of the cases. All analyses were performed with SPSS software, and statistical significance was set at P G 0.05.
RESULTS

Clinicopathologic Features
A total of 165 cases with confirmed diagnosis of endometrial CCC were included in our study. The clinicopathologic features of these patients and their tumors are detailed in Table 1 . Representative histologic features are shown in Figure 1 . The median age at diagnosis was 67 years (mean, 66 years; range, 36Y90 years). The median tumor size at the time of surgical resection was 3.6 cm (mean, 4.1 cm; range, 0.1Y17.0 cm), with the majority of the tumors measuring more than 2.0 cm in greatest dimension (80% 
Treatment Characteristics
All patients underwent total hysterectomy and bilateral salpingo-oophorectomy. Lymphadenectomy was performed in 82% (135/165), whereas omentectomy was performed in only 52% (86/165) of patients. Radiotherapy in the form of vaginal brachytherapy and/or whole pelvic radiation therapy was part of the adjuvant treatment in 48% (78/165) of patients. Fifty-six patients (34%) received adjuvant chemotherapy. Of these, 90% (50/56) were treated with a platinum-based regimen (carboplatin and paclitaxel).
Survival Analysis
The median follow-up period was 29 months (range, 1Y267 months). During the follow-up interval, tumor recurrence was observed in 61 (37%) of cases. The median time to tumor recurrence (DFI) was 64 months (range, 1Y188 months). The 5-year OS was 58%. Recurrence was significantly associated with tumors deeply invading into the myometrium, advanced-stage (stages IIIYIV) disease, and adnexal involvement and was higher in patients who received adjuvant chemotherapy only (P = 0.049, P = 0.001, P = 0.001, and P = 0.040, respectively) ( Table 2) . Patients with recurrent tumors had a significantly worse 5-year OS (17% vs 83%, P = 0.001).
Kaplan-Meier analysis for DFI (Fig. 2) and 5-year OS (Fig. 3) was performed according to the variables that showed significance on univariate analysis. Shorter DFI was significantly associated with older age at diagnosis (970 years), advancedstage disease, adnexal involvement, and deep MI (P = 0.005, P = 0.001, P = 0.001, and P = 0.003, respectively). Patients who received adjuvant chemotherapy had a significantly worse DFI and 5-year OS (P = 0.001 and P = 0.001, respectively). A significantly shorter 5-year OS was noted with advanced stage (IIIYIV) and presence of adnexal involvement (P = 0.001 and P = 0.021, respectively).
Cox regression analyses for the associations between clinicopathologic features, DFI, and 5-year OS are presented in Tables 3 and 4 . Advanced-stage disease, older age at diagnosis, and adnexal involvement were significant independent predictors of worse DFI (P = 0.001, P = 0.005, and P = 0.019, respectively), whereas inner-half MI was a significant independent predictor of a longer DFI (HR, 0.35; CI, 0.14Y0.69; P = 0.004). Adjuvant radiotherapy alone was a significant independent predictor of better 5-year OS (HR, 0.56; CI, 0.35Y0.87; P = 0.012).
DISCUSSION
Uterine CCC is distinctly uncommon, comprising less than 5% of all ECs. 21 In contrast to their cervical and vaginal counterparts, no association with diethylstilbestrol has been described; however, radiation and tamoxifen have been implicated in a subset of these tumors. 22 Patients are usually postmenopausal and tend to be older than those with endometrioid carcinoma, presenting at a median age of 66 to 68 years. 10, 13 Despite its designation as a high-grade carcinoma, disease is confined to the uterus (stages IYII) in the majority of the cases. Myometrial invasion is present in approximately 80% of cases and LVI in approximately 25%. 16 In concordance with these findings, Abeler et al 23 published a series of 181 patients with CCC who presented predominately with early-stage disease with documented MI and LVI in 75% and 37%, respectively. Pathologic stage and patient age were believed to be the most important prognostic factors of CCC based on a study by Hamilton et al, 10 who conducted one of the largest studies to date on SEER (Surveillance, Epidemiology and End Results) data comparing the clinicopathologic prognostic factors and outcomes of patients with serous carcinomas, CCC, and highgrade endometrioid carcinomas (G3EC). In their series, patients diagnosed as having serous carcinomas and CCC were significantly older (median age, 70 years and 68 vs 66 years, respectively) and had a significantly poorer prognosis compared with those with G3EC. It has been also noted by previous reviews that CCC has a propensity for extrauterine disease spread and that relapses occur more commonly beyond the pelvis. 24 Similarly, in our series, the majority of the patients presented at an older age (median age of 67 years), with stage IYII in 58%, MI in 76%, and LVI in 34%. Furthermore, advanced stage, older age at diagnosis, presence of deep MI, and adnexal involvement were significant predictors of worse prognosis, confirming the previous literature. Consistent with our results and the previously published data, a recent study by Varughese et al 25 showed that age and stage have a significant impact on OS. In addition, they reported that LVI was found to have no effect on survival in CCC.
Lymphovascular invasion is an essential step in the process of tumor metastases and is an important prognostic factor in EC. Currently, the standard method for assessing LVI is by morphologic examination of hematoxylin-eosinYstained sections. Strict criteria for LVI based on morphology include tumor clusters attached to the vessel wall, endothelialization of the tumor clusters, or the presence of a thrombus connecting the tumor clusters to the vessel wall. Alexander-Sefre et al 26 investigated the clinical significance of LVI detected by immunohistochemical staining for vascular endothelial markers in stage I endometrioid EC patients and concluded that immunohistochemically detected LVI appears to be of no statistically significant clinical value. In an attempt to validate these findings in CCC, we studied the impact of LVI on prognosis following the confirmation of its presence by CD34 immunostain. However, we failed to demonstrate any significant correlation with DFI and OS, supporting the previous publications. Conversely, Abeler and Kjørstad 16 observed that LVI and MI are powerful prognosticators in CCC. It has been also well established that patients with CCC have a greater risk of thromboembolic Future studies to further investigate this hypothesis are recommended, as well as considerations for extended prophylaxis in these patients to prevent such events. While the standard first-line therapy for uterine CCC is total abdominal hysterectomy and bilateral salpingo-oophorectomy with comprehensive surgical staging (peritoneal washing, omentectomy, and pelvic and para-aortic lymphadenectomy), optimal postoperative management remains to be fully defined. Treatment strategies vary at different stages, and given the small number of women affected with uterine CCC, factors associated with improved survival are difficult to discern. The Society of Gynecologic Oncology reported that adjuvant pelvic and/or whole abdominal radiotherapy have not been shown to be beneficial in women diagnosed as having uterine CCC. In stage III or IV (extrauterine disease), as well as in women with recurrent disease, they recommend the use of adjuvant chemotherapy with cisplatin, taxol, and doxorubicin either in doublet or triplet combination. 18 Conversely, an observational study of 80 patients with CCC demonstrated that vaginal brachytherapy, whether alone or in combination with other radiation therapy, had a significant impact on OS (median, 140 vs 50 months; P = 0.02) but no improvement in progression-free survival. It was also noted that adjuvant chemotherapy alone or in addition to vaginal brachytherapy had no significant impact on OS and progression-free survival. 25 In agreement with these results, our study showed that patients who received radiation therapy had significantly better 5-year OS, whereas patients who received both radiotherapy and chemotherapy or chemotherapy alone had no improvement in their outcomes.
In a multi-institutional review of surgical management and adjuvant therapy for uterine CCC, the authors concluded that vaginal brachytherapy may be adequate for stages I and II confirmed by the fact that lymph node dissection and pelvic radiation therapy appear to be of benefit for patients at risk of lymph node recurrence. 27 Smith et al 15 assessed 26 patients with stages IYIV CCC of the endometrium who received postoperative irradiation. The 3-year disease-free survival and OS were 47% and 68% for the entire cohort, 87% and 87% for patients with stages I and II disease, and 32% and 61% for those with stages III and IV disease, respectively. Accordingly, adjuvant radiotherapy was an effective treatment for patients with early-stage disease but not for those with advanced-stage tumors for whom clinical trial of radiotherapy with concurrent or sequential chemotherapy was recommended. These 2 studies, in addition to our study, seem to contradict the findings of the Taiwanese Gynecologic Oncology Group study, which showed that adjuvant chemotherapy provided a better 5 year progression-free survival and OS than radiotherapy in earlystage uterine CCC. 27 Although we note the limitations of our study, namely, a relatively small sample size and a retrospective review, it is one of the largest series to date addressing uterine CCC. In addition, data were obtained by the collaboration of 3 major academic institutions offering a diverse patient population and similar patterns of practice and the ability to access patient details and expert pathology review. Ideally, prospective analysis of largescale clinical trials shall provide insight into the most effective postoperative treatment modalities.
In conclusion, endometrial CCC was found to be more common in older women and was noted to have worse prognosis with advanced stage, deep MI, adnexal involvement, and older age at diagnosis. Adjuvant radiotherapy had a significant positive impact on 5-year OS, hence suggesting that more aggressive adjuvant treatment is recommended. Future research at the molecular level might shed more light on the biology of this tumor.
